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INTRODUCTION 
Root-knot nematodes ( Meloidogyne spp.) are one of the most important 
groups of plant parasitic nematodes infecting a large number of plants of 
economic importance. They are world wide in distribution. Near about 90 
species have been described from all over the world. Four species, M. 
incognita (Kofoid and White) Chitwood, M. javanica (Treub) Chitwood, 
M arenaria (Neal) Chitwood and M hapla Chitwood are recognized as 
major species as they are most common and damaging. These species 
comprised about 95 % of the total Meloidogyne populations of the world 
(Sasser and Carter, 1982). Vegetables are considered as their most 
preferred group of host crops. They are attacked by one or other species of 
root-knot nematodes. In areas where root-knot nematodes are not 
controlled average crop yield losses are estimated to be about 25 percent 
with damage in individual fields ranging as high as 60 percent (Sasser, 
1980; Sasser and Carter, 1982). 
Khan and Khan (1996) have recorded more than 50 percent infestation in 
vegetable fields with root-knot nematodes. Eleven species of root-knot 
iicmalodes, namely Meloidogyne incognita, M. javanica, M. arenaria, M. 
hapla. M. graminicola. M. bravicauda, M. africana, M. exigua, M. 
i^raminis. M. liicknowica and M. tritocoryzae have been recorded from 25 
slates of India (Gaur e( ai, 1993; Nayak el al., 1986; Sitaramaiah, 1984). 
However, M incognita with four races (Race 1, Race 2, Race 3, Race 4), 
M javanica with two races (Race 1, Race 2), M arenaha with one race 
(Race 2) and M /zap/a are major pest of vegetable crops in the country 
(Khan, 1988; Khan et al, 2003). Among the vegetables, solanaceous crops 
especially tomato, eggplant, potato and pepper (sweet or hot) are greatly 
damaged by the root-knot nematodes. Pepper is considered as a good host 
of all the races of M incognita (Khan, 1988; Khan and Khan, 1990). 
Fly ash is a major waste generated in Thermal Power Plants. In India, 
almost 70% of the electricity production is dependent on coal, which 
produces a huge quantity of fly ash as residue which is allegedly a waste 
product in Thermal Power Plants. Coal used in India has almost 30-40 % 
fly ash content (Kumar et ai, 2000), and around 100 million tons of fly ash 
is being produced per year. Hence, disposal of such a huge quantity of 
generated fly ash is a serious problem. As remedial measures for this 
problem, dirfcrenl applications of fly ash are promoted, viz., using fly ash 
for preparing concrete bricks, using a soil conditioner in agriculture. In 
fact, fly ash consists of practically all the elements present in soil except 
nitrogen. Hence, fly ash has a vast potential for use in agriculture as an 
amendment, especially due to its physical conditions, which are conducive 
lor plant growth, as well as due to the presence of macro and 
micronutrients in it. Many researches have explored the potential of using 
fly ash in agriculture. The plant growth and yield of tomato, lentil, 
cucumber, chickpea, maize, rice, potato were increased due to addition of 
fly ash upto 40% level (Khan and Khan, 1996; Mishra and Shukla, 1986; 
Pasha et al., 1990; Raghav and Khan, 2002; Singh, 1989). 
Fly ash has also shown its inhibitory impact on root-knot nematodes. 
However, its impact on the damages caused by root-knot nematodes to 
host crops growing under fly ash stress have not been adequately assessed. 
The available information is too meagre to make generalization. The 
impact of fly ash on the development of root-knot nematodes has not 
been done so far. In the present study, it was planned to evaluate the fly 
ash effects on hatching, mortality, penetration and development of M. 
incognita Race 1, the most damaging nematode in the Western Uttar 
Pradesh. Pepper was selected as test plant. At the same time plant growth 
performance was also observed. 
The following were the main objectives: 
1. Effect of fly ash-extract on hatching of juveniles of M incognita 
Race 1. 
2. Fffect of fly ash-extract on mortality of juveniles of M incognita 
Race 1. 
3. Bffccl of different fly ash levels on penetration of juveniles of M. 
incognita Race 1 in pepper roots. 
4. Effect of different fly ash levels on development of juveniles of M. 
incognita Race 1 in pepper roots. 
5. Effect of fly ash and M incognita Race 1 on plant growth performance 
of pepper plant and on disease intensity. 
6. Effect of fly ash and M. incognita Race 1 on yield of pepper. 
7. Effect of fly ash and M. incognita Race 1 on chlorophyll contents. 

REVIEW OF LITERATURE 
ROOT-KNOT NEMATODES 
Root-knot nematodes being parasitic on tiiousands of plant species are 
recognized as one of the major group of plant pathogens affecting world's 
food production (Sasser, 1980). They are parasites of all the major food 
crops, vegetables, plantation crops, fruits and ornamental plants grown in 
all the agro-ecological or climatic zones of the world. Vegetables are the 
most preferred group of host crops. The attacked crops suffer both 
quantitavely and qualitatively. 
Historical Background: 
Root-knot nematode was first recognized by Berkeley (1855). Since then 
the pathogen has been designated for a considerably long period of time 
with different names (Hirschmann, 1985; Sasser and Carter, 1982; 
•friantaphyllou, 1982). The present day name Meloidogyne was given by 
Goeldi (1887). Chitwood (1949) on the basis of morphological differences, 
particularly in the cuticular markings of the perineal region of adult 
females, described four species viz. Meloidogyne incognita (Kofoid and 
White, 1919) Chitwood, M. javanica (Treub, 1885) Chitwood, 1949; 
M.arcnaria (Ncal, 1889) Chitwood, 1949; M. hupla Chitwood, 1949 and 
one sub species. Since then, from time to time new species were 
discovered, described and added to the species list of the genus. Sofar, 90 
species oi Meloidogym have been reported (Khan et al., 2005). 
International Importance: 
In view of international importance of root-knot nematodes, ah 
International Meloidogym Project (IMP) funded by USAID was started 
under the leadership of Prof. J.N. Sasser in 1975 at North Carolina State 
University at Raliegh (USA), to investigate the various aspects of 
Meloidogym problem on worldwide basis. With the cooperation of nearly 
100 nematologists from 70 countries of the world, investigations on root-
knot nematodes were carried out under the aegis of IMP till its termination 
in 1984. The project achieved its main objectives in identifying the species 
and races of Meloidogym causing damage to various crops in different 
parts of the world. Four species viz. M incognita, M. javanica, M. 
arenaria and M. hapla were recognized as major species of international 
importance. These species comprised about 95% of the total Meloidogyne 
populations of the world (Sasser and Carter, 1982). Later, in 1984 a new 
replacement of project called Crop Nematode Research & Control Project 
(CNRCP) was started at Raliegh to look for the suitable and effective 
measures of control to solve the root-knot problems. This project was 
terminated in 1989. However, none suitable control measures except 
chemicals could be suggested. But due to pollution hazards with 
chemicals, now several management strategies have been suggested in 
recent years. 
National Importance: 
In India, work on distribution and identification of different species and 
races ol' Meloidogyne were started very late in 1983 in cooperation with 
the International Meloidogyne Project at eight centers, Aligarh (Prof S.K. 
Saxena, Prof M. W. Khan), Banglore (Prof K. Krishnappa, Prof K.G. H. 
Setty), Hissar (Prof D.S. Batti), Jaipur (Prof P.C. Trivedi), Nasik (Prof 
A.B. Pawar), New Delhi (ProfC. L. Sethi), Orissa ( Prof Y.S. Rao) and 
Udaipur (Prof B.S. Yadav). First phase on identification of species and 
races of root-knot nematodes in the country have been completed in last 
decade of the previous century. Sofar, eleven species of root-knot 
nematodes, namely, Meloidogyne incognita, M. javanica, M. arenaria, M. 
hapla, M. graminicola, M. hravicauda, M. africona, M. exigua. M. 
graminis, M. lucknowica and M. tritocnryzae have been recorded from 
different states of India (Gaur et al, 1993; Khan et al., 2005; Nayak et al, 
1986; Sitaramaiah, 1984). However, M. incognita with four races (Race 1, 
Race 2, Race 3, Race 4) M. javanica with two races (Race I, Race 2), M. 
arenaria with one race (Race 2) and M. hapla are major pests of vegetable 
crops, and M. graminicula is a dominant species on rice in the country 
(Khan, 1988; Khan, 1997; Krishnappa, 1985; Sitaramaiah, 1984). In recent 
years, now work on various aspects of root-knot nematodes, especially on 
management are in progress at different centers of the country. 
Status in Uttar Pradesh: 
Substantial work on various aspects of root knot nematodes has been done 
at Aligarh, Pantnagar, Allahabad, Jhansi, Faizabad, Kanpur and Lucknow. 
centers of Uttar Pradesh. A number of systematic surveys were conducted 
in vegetable fields of different districts of Uttar Pradesh to observe the 
pattern of the distribution and to identify the species and races of root-knot 
nematodes. Sofar 5 species of root-knot nematodes, M incognita. M. 
Javanica, M. arenaria, M. lucknowica and M. graminicola have been 
reported to exist in U.P. (Khan, 1969; Khan and Khan , 1990; Siddiquc ct 
al., 1986). M. incognita and M. javanica arc widely distributed in the stale. 
In some districts, M incognita is more prevalent than M. Javanica while in 
others M Javanica dominates over M incognita. The species of root-knot 
nematodes present in the state according to their relative occurrence can be 
arranged in the following order M. incognita > M. Javanica > M. arenaria 
> M. graminicola > M. lucknowica. The species either found singly or in 
mixed populalion.s. Races in M. incognita (Race I, Race 2, Race 3, Race 4) 
and M. arenaria (Race 2) have been reported (Khan, 1988; Khan and 
Khan, 1991 a ). Recently Khan, (1997) and Khan et al. (2003) recognized 
races ol'M. Javanica (Race 1, Race 2). 
Vegetable erops like eggplant, tomato, cauliflower, cabbage, okra, bean, 
pepper, cucumber etc. suffer greatly in different districts specially in 
western districts of Uttar Pradesh. M incognita and M. javanica are the 
most dominant species in the districts. Among the races, M incognita Race 
1 is a most occurring race. Several management measures for root-knot 
nematodes were evaluated like cultural, organic amendments, biological, 
physical and host resistance. However, none eco-friendly control is 
satisfactoriily in application. To allevate nematode problem Integrated Pest 
Management (IPM) have now been recommended, as use of chemical have 
been banned. Since root-knot nematodes are more damaging to vegetable 
crops, it has become imperative to manage the root-knot disease on 
vegetables by application of fly ash which is recently used as a fertilizer. 
FLY ASH 
Fly ash left after combustion of coal in the power generation units accounts 
about 100 million tons in the environment annually in India. It is likely to 
exceed 140 million tons by the year 2020 AD (Anonymous, 1997). There 
arc about 82 coal-fired power plants in operation as on December 21, 1998 
in India. Burning of 202.75 million tons coal in these power plants results 
in production of 2.2 thousand tons of coal-ash day'' ( based on information 
gathered from the site http/www.cea.nic in /opt7 vidut chap4. htme on 26 
Sept. 2002). 
Characteristics of Fly Ash: 
The properties ol' lly ash depend upon the type of coal, place of origin, 
combustion process and the prevailing weather conditions (Anonymous, 
1997). Fly ash consists of many minute, glass-like particles of 0.01 to 100 
mm having specific gravities 2.1 to 2.6 (Davison et al, 1974). It gives 
spherical, glassy and transparent appearance due to melting of silicate 
minerals during coal combustion (Hodgson and Holliday, 1966). Fly ash of 
Indian coal consists of 25 % sand sized particles (2 to 0.02 mm), 65 % silt 
sized particles (0.02 to 0.002 mm) and 10 % clay sized particles (<0.002) 
(Mishra and Shukia, 1986). It contains various useful elements such as Ca, 
Mg, Fe, Cu, Zn, K, Mn, B, S and P along with appreciable amounts of 
heavy metals (Adriano et al., 1980; Dalmau et al., 1990; Fulekar et ai, 
1983; Majumdar and Mukherjee, 1983; Sikka et al. 1994). The fly ash is 
generally alkaline, with pM mostly ranging from 8.2 to 12.5 (Furr ct al, 
1977). 
Effect on Plants: 
Recently fly ash is used as non-conventional fertilizer in agricultural fields 
for the improvement of plant growth and yield because it contains most of 
essential plant nutrients except nitrogen in appreciable amount (Adriano et 
al, 1980; Mishra and Shukia, 1986). Singh and Singh (1986) studied the 
response of rice cv. Madhuri to different levels of fly ash application at 
varying fcrlilily levels of saline soil. Tly ash al 20% level signifieantly 
increased the contents of NPK at all growth stages and uptake of these 
nutrients by grain and straw. Wong and Wong (1989) found that seed 
germination of Brassica parachinensis and B. chinensis was enhanced in 
sandy soil added with 3 to 6 % fly ash. Singh (1989) observed inhibition in 
seed germination and post emergence mortality in seedlings of chickpea 
and lentil in fly ash amended soil. Pasha et al. (1990) also observed that 
soil amciKlmcnt with lly ash (10 % and 20 %) improved plant growth, 
yield and chlorophyll contents of leaves of cucumber plants. Shrivastava et 
al., (1993) observed the effect of soil amendments with varying levels of 
fly ash on growth and pigments contents of Lactuca sativa. Results 
indicated that application of fly ash in low concentration promoted growth, 
dry matter production and photosynthetic pigments. Soybean plants grown 
in 25 % and 50 % fly ash showed significant improvement in plant growth, 
yield, leaf pigment, protein and oil contents of seeds. Further increase in 
lly ash level caused suppression in these parameters (Singh, 1993; Singh et 
al., 1994). Beta vulgaris plants raised in 2, 4 and 8 % (ly ash amended 
soils showed improved plant growth, yield and sugar content at low fly ash 
level (Singh et al., 1994). Sikka and Kansal (1995) studied dry matter, 
yield and nutrient composition of 60 days rice and wheat plants and pH 
and available nutrient status of soil amended with 0, 2, 4 and 8 % (w/w) of 
fly ash. Low fly ash doses (2-4%) promoted dry matter production of 
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paddy but higher levels (8% w/w) had a significant depressing effect. 
Matte and Kene (1995) evaluated the effect of different levels ( 0, 5, 10 
and 15 tons/ hectare) of fly ash on Kharif crops (cotton, green gram, 
groundnut, mustard, sorghum and soyabean). Lower levels were found 
beneficial for the crops. Ash treatments of 30, 40 and 50 Kg ha"' increased-
the bean dry matter, yield over control by 49, 57 and 64 % respectively 
(Krejsl and Scanlon, 1996). Scotti et al. (1996) studied the effect of lly ash 
on chicory {Cichorium intybus) grown in two soils with or without (3 % 
and 10 %) fly ash. Addition of 3 % fly ash showed a significant increase in 
yield. Khan and Khan (1996) reported that fly ash addition to soil resulted 
in luxuriant growth, bigger and greener leaves, improved plant growth and 
yield ( flowering, fruiting, fruit weight/ plant, mean fruit weight) of 
tomato. Carotenoids and chlorophyll were also enhanced from 40 to 80 % 
being optimal at 50 %. 
The effect of fiy ash water was studied on Triticum aestivum var. Kalyan 
Sona by Karpate and Choudhry (1997). Plants were either irrigated with 
25 , 50 , 75 and 100 % (ly ash water or grown in 50 , 70 and 90 % lly ash 
amended soil. At lower concentrations the fly ash water and fly ash had 
stimulating effect on the crop. However, at higher concentrations, the 
treatment showed a deleterious effect. Tripathy and Sahu (1997) found that 
50 % ily ash applied to soil increased height, girth, leaf number, leaf area, 
spike length and dry weight of wheat plant. In another study, addition of 
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Agropyron elongatum (Wong and Su, 1997). Sahu and Dwidevi (1999) 
showed that seed germination in Vigna mungo and Abelmoschus 
esculantus was highest at 25 % level of fly ash while the plant growth was 
at 50 % concentration in V. mwwgo,wheras it was maximum at 25 % in A. 
esculantus plant. Malewar et al. (1999) observed that fly ash : soil ratio of 
1 : 1 increased the number of leaves and number of branches above control 
values in tomato and spinach, but 1 : 3 ratio promoted dry matter in both 
crops. Khan and Ghadirpour (1999) examined relative efficacy of 
broadcast, row and spot treatment of fly ash on the growth and yield of 
chilli, eggplant and tomato. Row application of fly ash @ 3Qt/ha 
significantly increased the plant growth and yield of tomato cultivars. 
Grewal et al., (2001) showed that application of coal- ash to soil increased 
both grain and straw yields of pearl millet (direct) and wheat (residual) at 
all levels of coal- ash application (5, 10 and 20 %). Khan et al. (2001) 
observed the effect of fly ash concentrations of 0, 5, 10, 20, 30, and 35 % g 
kg"' on seed germination, growth and metal uptake by barley and wheat 
plants. The beneficial effects were observed at 20 and 30 % g Kg''. Khan 
and Abdussalam (2001) worked on winter ornamental plants viz. 
Acroclinium roseum, Brachycome idesidifolia, Dimorphotheca sinuata, 
Linum usitatissimum, Calendula officinalis, Papaver rhoeas, Tagetes 
patula, Helichrysum bracteatum, Tropaeolum majus and Salvia officinalis 
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in soils amended with varying levels of fly ash (0, 25, 50, 75, and 100 %), 
while Acrolinium, Salvia and Papaver showed positive response to certain 
levels of fly ash treatments. Raghav and Khan (2002) applied fly ash to 
soil in different ratios for the improvement of growth and yield of tomato. 
It was observed that all the lower ratios (5, 10, 20 and 25%) significantly 
increased the plant growth and yield compared to control. 
Though fly ash can be used as soil amendment. It has some toxic effect if 
used in higher concentrations. Several studies showed that application of 
fly ash amendments is not toxic to plant if applied in particular 
proportions. Fly ash has deleterious effects on plant growth and yield if it 
is used in more than 50 % levels (Khan and Khan, 1996; Raghav et al., 
2003). 
Effects on Root-Knot Nematodes: 
Like several other control measures, fly ash also influenced plant diseases 
caused by biotic pathgens. Addition of fly ash in soil alters physico-
chemical characteristics of soil that may directly influence activity of soil 
microorganisms including pathogens. Wong and Wong (1989) advocated 
that fly ash application may be harmful to soil microbes. Effect of soil 
application of fly ash on a few soil borne pathogens have been examined. 
Khan (1989) observed that fly ash amended soil decreased the root 
pcncU-aVion of juveniles of M. incognita and rool-knol disease intensity on 
tomato. Singh (1989) observed similar response of galling and egg mass 
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production by M incognita on lentil. Singh (1993) reported that higher 
concentration of fly ash suppressed root-nodule bacteria {Bradyrhizobium 
japonicum) and root-knot nematode {Meloidogyne javanica) to a great 
extent. At 100 % fly ash, none female or juveniles or egg mass of M 
javanica was recovered. The harmful effects of fly ash on M. incognita and 
M. javanica have been observed on okra, tomato and pea plants (Khan and 
Khan, 1994; Singh et al 1994). Higher levels (100%) completely checked 
development of nematode and was injurious to plant growth as well. Fly 
ash incorporation in soil (20-100%) adversely affected the root invasion by 
the larvae and decreased the disease intensity (galls / root system) and 
reproduction (eggmass / root system) of root-knot nematodes, Meloidogyne 
species on cowpea and tomato (Khan et al., 1997). 
Recently Joshi et al., (2000) observed the effect of organic amendment and 
fly ash on root-knot disease of tomato. The root galling index was reduced 
greatly. Tarannum et al, (2001) studied the different levels of fly ash (0, 
25, 50,75 and 100%) on hatching, penetration and development of M 
javanica on chickpea. The hatching and penetration were suppressed 
greatly. At lower levels (25 and 50%) of mixtures low number of J2 
developed to the mature female stage. Siddique and Singh (2005) observed 
the effect of fly ash (0, 20 and 40% with soil), Pseiidomonas striata and 
root nodule bacterium Rhizobium spp. on the reproduction of root-knot 
nematode, M. incognita and on the growth and transpiration of pea both 
15 
in the presence and absence of root-knot nematode. The addition of 20 and 
40% of fly ash with soil was beneficial for plant growth both in nematode 
inoculated and uninoculated plants. The use of 20 % fly ash increased 
galling and nematode multiplication compared to plants grown without fly 
ash , while 40% fly ash had an adverse effect on galling and nematode 
multiplication. 
PEPPER {Capsicum annuum L.) 
The Chilli is commonly called as red pepper. It is a native of tropical 
America and now cultivated througout the world. In India, it was 
introduced in 17"' century and is now grown in all parts covering about 
733,800 hectares. Tamil Nadu, Kerela, Karnataka, Andhra Pradesh and 
Maharashtra account about 15% of the total area and annual production. 
Plants are herbaceous or semi-woody annual or perennial. The leaves are 
ovate, tapering to a sharp point, entire up to 15 cm long, dark green on the 
upper surface and pale on lower surface. The flowers are small, white and 
borne singly or in clustures of 2 or 3 in the exils of the leaves. The fruits 
are of diverse shapes and sizes depending upon the variety. The chilli is 
generally transplanted. The winter crop is planted from July to September 
and summer crop in February to March. The crop is ready for harvesting in 
about 3 months after planting. 
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Pepper is an important cash crop in India and is grown for its pungent 
fruits, which are used both green and ripe (the latter in the dried form) to 
import pungency to the food. As a condiment, it has become indispensable 
in every Indian home. It is also used medicinally, and in chutnies and 
pickles. The pungency is due to the active principle 'Capsicin' contained in 
the skin and the septa of the fruit. 
Among root-knot nematodes, M. incognita attacks pepper, wherever, it is 
grown and reduces its yield, more acutely in dry season irrigated land than 
in land cropped only during the wet season (Khan and Khan, 1990). Most 
pepper cultivars are highly susceptible to M. incognita. Crop losses caused 
by this nematode increase to such an extent that a considerable amount of 
research is directed towards developing resistant or at least tolerant pepper 
cultivars (Khan and Khan, 1991 b). 
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MATERIALS AND METHODS 
Following materials and methods were employed for the experiments of 
M.Phil programme. 
Collection of Fly Ash: 
For conducting different experiments, fresh fly ash was collected from 
Thermal Power Plant, Kasimpur, Aligarh, situated 16 Km away from 
the Department of Botany, AMU, Aligarh. 
Collection, Identiflcation and Maintenance of M. incognita 
Race 1: 
Root-knot nematodes were collected from infested vegetable fields in 
and around Aligarh. After identification on perineal pattern (Fig. 1) 
basis, only M incognita populations were maintained on susceptible 
cultivar of tomato "Pusa Ruby" in pure form with single eggmass 
culture separately. The North Carolina differential host test was 
conducted to confirm the races of M incognita (Table 1, Figs. 2 and 3). 
M incognita Race 1, the most dominant and occuring race was selected 
as test pathogen and populations were raised on tomato cv. "Pusa 
Ruby" in winter and eggplant cv. "Pusa Kranti" in summer. 
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Fig. 2: North Carolina Differential Host 
(Cotton cv. Deltapine 16) 
Fig. 3: North Carolina Differential Host 
(Tobacco cv. NC 95) 
Table 1: Differential hosts test for identification of M. incognita 
Races. 
Meloidogyne Differential host plants 
incognita 
Cotton cv. Deltapine 16 Tobacco cv. NC 95 
Racel Q Q ' 
Race 2 - + 
Race 3 + 
Race 4 - + 
+ = Infection (Susceptible), - = No infection (Resistant) 
Preparation of Inoculum: 
For prepairing inoculum in form of 2"*^  stage juveniles, egg masses of 
M incognita Race 1 populations maintained on brinjal in greenhouse 
were collected from the roots and incubated in sterilized water in 
an incubator at 25°C for 72 hrs. The freshly hatched juveniles were 
collected as water suspension and their number/ ml were standardized 
by counting into ten 1 ml sample from the suspension. 
Plant Culture: 
The seeds of pepper {Capsicum annuum L. ) cv. "Suryamukhi Green" 
sterilized in (0.01 % HgCb for 15 minutes) were sown in 20 x 20 cm 
clay pots. After emergence, four leaves stage seedlings were used for 
different experiments. 
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llakhiiig of Juveniles: 
For hatching experiment two litres-distilled water was added to one kg 
fly ash and kept for over night in the laboratory. This solution of fly ash 
was filtered to obtain fiy ash-extract and was considered as standard 
extract. From the standard extract following dilutions were prepared. 
Tl = 100 ml distilled water (D.W.) (0% level) (Control) 
T2 = 5 ml fly ash-extract + 95 ml D.W.(5% level) 
T3 = 10 ml fly ash-extract + 90 ml D.W.(10% level) 
T4 - 20 ml fly ash-extract + 80 ml D.W.(20% level) 
T5 = 30 ml fly ash-extract + 70 ml D.W.(30% level) 
T6 = 40 ml fly ash-extract + 60 ml D.W.(40% level) 
T7 = 50 ml fly ash-extract + 50 ml D.W.(50% level) 
Ten ml of these different dilutions were poured into 5 cm diameter 
petridishes. Five average sized eggmasses of M incognita Race 1 
obtained from pure population were added in each petridish. Each 
treatment was replicated 5 times. A set of 5 petridishes receiving 
distilled water served as control. Petridishes were kept at room 
temperature (25-27°C). After V\ 3'"'', 5"^  and 7"^  day hatched juveniles 
were counted under stereoscopic microscope. Mean was taken and 
percent inhibition over control was determined. Data were analysed 
statistically for significance. 
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Mortality: 
For the mortality experiment fly ash-extract was prepared as done in 
case of hatching experiment. However, the different dilutions were 
prepared of double strength. 
Tl = 100 ml distilled water (D.W.) (0% level) (Control) 
T2 = 10 ml fly ash-extract + 90 ml D.W.(For 5% level) 
T3 = 20 ml fly ash-extract + 80 ml D.W.(For 10% level) 
T4 - 40 ml fly ash-extract + 60 ml D.W.(For 20% level) 
T5 = 60 ml fly ash-extract + 40 mi D.W.(For 30% level) 
T6 = 80 ml fly ash-extract + 20 ml D.W.(For 40% level) 
T7 = 100 ml fly ash-extract only (For 50% level) 
Five ml of different dilutions (double strength) were poured into 5 cm. 
diameter petridish. Now five ml nematode suspension containing about 
100 juveniles of M incognita Race 1 was transferred separately to each 
dilution. Each treatment was replicated five times. A set of five 
petridishes containing 5 ml D.W. and 5 ml nematode suspension served 
as control. After different intervals ( 1", 3'^ 5"" and 7"" day) the dead 
larvae were counted under stereoscopic microscope and mortality 
percentage were calculated. Data were analysed statistically for 
significance. 
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Penetration: 
For penetration experiment different ratios of fly ash were mixed witii 
autoclaved soil to obtain following levels (w/w). 
Tl = Control (only autoclaved soil) (0% level) 
T2 = 5 % fly ash + 95 % autoclaved soil (5% level) 
T3 = 10 % fly ash + 90 % autoclaved soil (10% level) 
T4 - 20 % fly ash + 80% autoclaved soil (20% level) 
T5 - 30 % fly ash + 70 % autoclaved soil (30% level) 
T6 = 40 % fly ash + 60 % autoclaved soil (40% level) 
T7 = 50 % fly ash + 50 % autoclaved soil (50% level) 
Now 7 cm disposable cups were filled with different mixtures. The cups 
containing only soil served as control. Total 140 cups were prepared ( 
7 treatment x 5 replicates x 4 times). Fifteen days old seedlings at 4 
leaves stage were transplanted to each cup. Five days after establishing, 
the seedlings were inoculated with 500 freshly hatched juveniles. Cups 
were placed on glasshouse bench at 25-27°C. Five seedlings were 
harvested from each treatment at different intervals. Roots were 
thoroughly washed under tap water to avoid any soil particle. Then 
roots were cut and boiled gently in a solution of acid fuchsin ( 0.1%) + 
lactophenol. Each root was observed separately under stereoscopic 
microscope for the presence of juveniles. Then percent penetration was 
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calculated for each treatment. Data were analysed for statistically 
significance. 
Development of Juveniles: 
For this experiment the fly ash and soil were mixed as mentioned in 
penetration experiment. One kg mixture was filled in 15 cm clay pots. 
The pots containing only soil served as control. There were 20 pots for 
each treatment and total 140 pots ( 7 treatments x 4 weeks x 5 
replicates). Pots were kept on a glasshouse bench at 25-27°C. Fifteen 
days old seedlings were inoculated with 1000 juveniles of M incognita 
Race 1 obtained from the pure population. Five plants were harvested 
from each treatment at different intervals ( l", 2"^ *, 3'''' and 4"" week). 
Roots were thorougly washed with gentle stream of water to avoid soil 
particles and debris. Each root was slightly boiled in acid fuchsin 
(0.1%) + lactophenol solution separately. Different stages of nematode 
were counted under stereoscopic microscope. The data were analysed 
statistically for significance. 
Plant Growth Performance: 
lor this experiment, same Irealmcnls of previous experiment with five 
replicates were taken. However, one set of five pots without fly ash and 
without juveniles was also maintained as uninoculated check. Thus 
there were 40 pots (8 treatments x 5 replicates). Pots were arranged in 
23 
randomized block design on glass house benches. After two months, 
plants were harvested carefully. The plant growth (length, fresh wt and 
dry wt of root and shoot; leaf / plant; leaf area / plant; branch / plant), 
yield (flower/plant; flower size; fruits/plant; seeds/plant and fruit 
length) and photosynthetic pigments (chlorophyll a, chlorophyll b and ' 
total chlorophyll a + b) were taken. The disease intensity in terms of 
gall index and egg mass index were rated on Taylor and Sasser (1978) 
scale: 
0 = 0, i= 1-2,2 = 3-10,3 = 11-30, 4 = 31-100 and 5 = more than 100. 
Data were analysed statistically for significance. 
Chlorophyll Estimation: 
The chlorophyll pigments were estimated by the method of Machinney 
(1941). A 100 mg (O.lg) of fresh leaf tissue was grounded in a mortar 
with 10 ml 80 % acetone. The extract was filtered with Whatman filter 
paper no. 1 and the filterate was collected in a volumetric flask. 
The % transmittance of chlorophyll solution was read at 645 nm and 
663 nm on a spectronic spectrophotometer. The values of % 
trasmittence were substituted with the corresponding values of optical 
density. The chlorophyll content was calculated with the help of 
following formulae. 
24 
mg chlorophyll 'a' per gram leaf tissue: 
- 12.7 (O.D. 663) - 2.69 (O.D. 645) X V 
1000 XW 
mg chlorophyll 'b' per gram leaf tissue: 
= 22.9 (O.D. 645) - 4.68 (O.D. 663) X V 
1000 XW 
Total chlorophyll mg per gram leaf tissue: 
- 20.2 (O.D. 645) + 8.02 (O.D. 663) X V 
1000 XW 
Where, V= Final volume of chlorophyll extract and 80 % acetone (ml) 
W= Fresh weight of leaf tissue (g) 
O.D.= Optical density at given wave length viz. 645 nm & 663 nm 
20.2 and 8.08 are dilution factors, 
i'he data were analysed statistically for significance. 
J 5 

RESULTS 
Hatching: 
Data presented in table-2, show that all the concentrations of fly 
ash-extract significantly (P== 0^.05) impaired the hatching of M 
incognita Race 1 juveniles when compared to control at all time 
intervals {V\ 3" ,^ S"" and 7"^  day). Percent inhibition in hatching 
over control was directly proportional to the concentrations of 
cxlracl al all the time intervals. The lowest hatching inhibition 
was recorded 30.10% and highest 89.55% after ?"' day at 5% and 
50% levels of extract respectively, (Table 2, Fig. 4). 
Mortality: 
Data presented in table-3, show that all the concentrations (5, 10, 
20, 30, 40 and 50%) were harmful to juveniles of M. incognita 
Race 1. Killing of juveniles was started from l" day to ?"' day. As 
concentration was increased, the killing percentage of juveniles 
was also increased. Highest mortality (%) was observed in 7'*^  day 
with 50% fiy ash-extract concentration (Fig. 5). Thus mortality 
was directly proportional to the concentration, as well as number 
of days increased. 
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Penetration: 
In the table-4, the results show that fly ash was toxic to 
nematodes at all the levels (5, 10, 20, 30, 40 and 50%). All the 
concentrations of fly ash significantly (P-0.05) suppressed the 
penetration of M. incognita Race 1 juveniles in pepper roots 
compared to control at all time intervals. Penetration of the 
juveniles was inversely proportional to fly ash concentrations. 
The highest penetration was found in control 48.6% and lowest 
was 16.8% at 50% level on ?"' day. The penetration was delayed 
as the concentration increased. 
Development: 
Results given in table-5, show that all the ratios of fly ash and 
soil (5:95, 10:90, 20:80, 30:70, 40:60 and 50:50) were harmful for 
the development of M. incognita Race 1 juveniles. The J2 
developed to J3/J4 stage at all levels of fly ash (5, 10, 20, 30, 40 
and 50%), however their number were low as compared to control 
(Fig. 6). But none premature and mature females were found in 
the first week. In second week, J2 developed to premature 
females through J3/J4 in all concentrations of fly ash, however 
their numbers were less compared to control. Few mature females 
were also developed in control and at 5% level (Table 5). 
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In third week, all penetrated juveniles transformed either J3/J4 or 
premature/mature female stages in control and at 5% level (Fig. 
7-9). At 10 and 20% levels all the penetrated juveniles 
transformed to J3/J4/premature stages. The number of premature 
female was more as compared to J3/J4. At higher levels (40, 
50%) many juveniles were still at J2 stage, although few juveniles 
reached upto premature stage (Table 5). 
In fourth week, all the J3/J4 transformed to premature stage and 
from premature to mature stage in control, whereas very few 
developed upto mature stage at 5% level. From 30 to 50% levels, 
many juveniles were still at J2 or J3/J4 stages. None was able to 
develop to mature stage. Generally a delay in development of 
juveniles was noticed by all the treatments as compared to control 
(Table 5). 
Plant Growth Performance and Disease Intensity: 
It is evident from table-6 that all the plant growth parameters 
(length, fresh wt, dry wt of shoot and root, leaf number, leaf area, 
branch number) were significantly (P=0.05) increased at all the 
nematode + fly ash combinations compared to inoculated control 
set. The Plant growth was better in 10, 20 and 30% combinations 
irrespectively of any control (inoculated/uninoculated), maximum 
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Fig. 9: Mature temale. 
being at 20% level of fly ash. However all above growth 
parameters were decreased in 5, 40 and 50% fly ash + nematode 
combinations when compared to uninoculated control (Table 6). 
Root-knot intensity in terms of gall index and eggmass index was 
highest in inoculated control set followed by 5% fly ash level. 
While in the rest of the combinations none of the gall and 
eggmass were produced (Table 6). 
Yield and Chlorophyll Contents: 
Fly ash amendments had positive effects on yield, as number of 
flower/plant, size of flower, number of fruits/plant, seeds/pod and 
length of fruits were increased significantly (P=0.05) in the 
treatments with 10 to 30% Hy ash levels, maximum being at 20%. 
However, nematode alone reduced the above parameter at greater 
extend. At higher levels (40 and 50%), yield parameters declined 
gradually when compared to uninoculated control (Table 7). 
Similar results were also observed for chlorophyll pigments (chl. 
a, chl. b and total chl. a+b). Highest chlorophyll contents were 
found in 20% fly ash + nematode combination irrespective of any 
control (Table 7), while minimum concentration was observed in 
inoculated control set (Table 7). 
29 
• 
fi 
-W 
a • p * 
V 
"O 
e 
o 
-a 
a es 
h. 
o 
a> 
u 
o 
S 
>« 
o 
u 
a 
"o. 
a 
o 
R 
Q!i 
1 
s: 
•*^ 
^ 
o 
J3 
en 
>. 
C 
<<-i 
o 
*-> 
u 
• • 
2 
H 
4-* 
CO 
C 
1> 
C 
5 
s 
W 
O 
-^ 
CO — H 
i; "^^ PQ 
• ^ ( S 
0) C 
Ui U 
S -2 
J a. 
»^^  + J 
tJi C 
c3 ea 
*-» 
'oo 
^^  
Q 
o 
o 
o 
o 
C/2 
^ 
•*m» 
^ 
J 3 
Cfl 
(L> 
P H 
• 4 - ' 
o 
o 
Pi 
*-' 
o 
o 
OD 
? 
U 
(U 
-J 
•4—» 
o 
o 
oi 
o 
o 
t/5 
-i-J 
c 
U CM 
6 ^ 
ts + ^ < H tin 
1 
00 
o 
r^  
'"' 
as 
VO 
t ^ 
•"J 
r<S 
O 
»ri 
OS 
oo 
so 
ON 
o 
ro 
3 
o 
o 
'c 
D 
IT ) 
1 
1 
( N 
en 
so 
OS 
<—' 
o 
o 
m 
r - ^ 
—' 
OS 
'-^  
( N 
m 
00 
od 
00 
^ 
-o 
o 
c 
1 
m 
( N 
SO 
f S 
T f 
t—H 
00 
u^ 
_ 
r t 
^ - H 
• ^ 
r-i 
Os 
f<^ 
^ 
i r i 
m 
'^ 
Csl 
( N 
*—> 
o 
o 
o 
+ 
>n 
1 
OS 
ro 
00 
f - H 
iT, 
t ^ 
_^^  
OS 
( N 
ir> 
rn 
<r) 
i r i 
so 
OS 
00 
O 
T t 
m 
( N 
• — , 
o 
o 
o 
+ 
o 
T—H 
1 
( N 
( N 
,,_, ( N 
OO 
r-
m 
fsi 
r-j 
00 
r f 
o 
so 
O 
—• 
o 
( N 
O 
r-^  
r*-) 
c^ 1—1 
o 
o 
o 
+ 
o 
( N 
1 
»—< 
SO 
* O 
SO 
r-
o 
CN 
^^  
<N 
^ 
r-
>r^  
oo 
OS 
OS 
^ 
>n 
m 
( N 
1—> 
o 
o 
o 
+ 
o 
m 
1 
r--
Os 
• 
</") 
( N 
so 
>n 
-^ 
( N 
OS 
( N 
OO 
^ 
sq 
00 
so 
r—H 
00 
OS 
rs 
( N 
>—> 
o 
o 
o 
+ 
o 
'St 
1 
^ 
oo 
rn 
^ 
m 
r^i 
^ 
OS 
OS 
-^ 
o 
en 
OS 
^ 
T f 
OS 
n-i ( N 
( N 
1—1 
O 
o 
o 
+ 
o 
wn 
' t 
( N 
SO 
O 
m 
CN 
(^1 
d 
>n ( N 
d 
so 
d 
5; 
d 
^ 
( N 
m 
( N 
ir> 
o 
d 
II 
00 
»-l 
X 
•T3 
.£ 
oo 
03 
£ 
OiJ 
00 
w II 
t — ' 
2 
X 
-a 
"rt 
O 
II 
o 
!U 
C3 
'Q 
II 
1/2 
Q 
c/i 
C3 
l-i 
> 
U-, 
o 
c 
CO <u 
E 
a 
yi 
> 
o 
k 
a a 
a 
•t-> 
a 
a 
o 
u 
a 
o 
u 
a 
2 
a 
o 
4> 
09 
Pi 
a 
03 
CO 
OQ 
>-^  
• • 
H 
c 
(L> 
• * - • c 
o 
o 
Cl. 
o 
o 
o 
u 
c 
(U 6 
+-• a 
H 
00 
tlH 
o 
+ 
X3 
+ 
C3 
J3 
CO 
• J 
o 
H 
U 
CO 
u 
B 
o 
u 
N 
-a 
o 
CO 
6 
N 
(JH --r 
C 
CO 
0^ 
VO 
(N 
\0 O 
\0 rt 
00 
m 
O 
ON 
OO 
m oo o 
f*^  2 ;r 
C30 rn t^ 
d d> d> 
-a 
• I - ' 
CO 
. — « 
3 
CJ 
o 
'5 D 
-o (U 
•«-> 
CO 
3 
o 
c 
o 
o 
m 
m 
o 
I—> 
o 
o 
o 
+ 
ON 
o\ 
00 
o ^ 
0 \ 
00 
0 \ 
• — > 
o 
o 
o 
VO 
NO 
o 
m 
"—> 
O 
O 
o 
+ 
^ o 
+ 
o 
o 
<7s 
OO 
ON 
fN 
(N 
(N 
^ 
'^ 
rn 
m 
ON 
rf 
ON 
m 
>n 
OS 
o 
^ o ^ 
o 
o 
o 
•—> 
o 
o 
o 
+ 
o 
+ 
O 
NO 
fS 
in 
ON 
NO 
r^  
T—1 
in 
t^ 
>n 
r-
-* 
NO 
NO 
>n 
OO 
o 
m 
•—> 
o 
O 
O 
i n 
m 
o 
o 
d 
i n 
O 
o 
OO 
in 
r--
od 
ON 
NO 
OO 
^ 
OO 
<N 
NO 
(N 
d 
(N 
(N 
o 
fN ^ 
o 
m 
+ 
O 
m 
i n 
o 
Q 
en 

DISCUSSION 
Since root-knot nematodes are more damaging to vegetable crops, it has 
become imperative to manage the root-knot disease on vegetables. 
Recently, tly ash is used as a non conventional fertilizer in cultivated 
fields, because it contains various nutrient elements (Adriano et al., 1980; 
Khan et al., 1997). It also appears to suppress plant nematode activity, 
such as reproduction and disease intensity depending upon its 
concentrations (Singh et al, 1994; Khan et al, 1997). In the present study, 
the experiments were conducted to determine the effect of fly ash on 
juveniles hatching, mortality, root penetration and post penetration 
development of M incognita Race 1 in roots of pepper. All fly ash-extract 
concentrations significantly reduced the juveniles hatch and increased the 
percent mortality. Inhibition in juveniles hatching and increasement in 
mortality (%) were directly proportional to both concentration and time 
intervals. This might be due to presence of some toxic compounds like 
dibenzofuran, dibezo-p-dioxine and heavy metals (Helder et al., 1982). 
Singh (1989) also reported that juvenile hatching of root-knot nematodes 
was suppressed by Hy ash in both the ambient and artificial soils. 
Fly ash was found to be toxic to the nematodes at all concentrations used 
in the soil. Therefore, the number of penetrated juveniles in pepper roots 
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was significantly low in all the treatments. The root penetration was 
inversely proportional to fly ash levels. All the ratios of fly ash caused 
delay in the penetration of juveniles and suppressed their subsequent 
development in pepper roots. At first week less juveniles penetrated, where 
as second, third and fourth weeks, more juveniles penetrated the roots. The 
penetration was however, considerably low at all the levels as compared to 
control. The penetrated juveniles, however, could not reach to mature stage 
in fly ash amended soil except at 5 % level. This might be due to the toxic 
effects of chemical present in fly ash. Similar results have also been 
observed on M. javanica juveniles in chickpea roots by Tarannum et al. 
(2001). Singh et al. (1994) have also observed harmftil effects of fly ash on 
female morphometries oi M. javanica on pea. 
Due to presence of micro and macro nutrients the plant growth and yield of 
pepper were increased upto 30 % levels of fly ash, maximum being at 20 
%. The improvement in plant growth by addition of fly ash at lower levels 
have also been obtained on many crops as soybean, chickpea, cucumber, 
tomato, wheat, rice, maize, okra etc. ( Khan and Khan, 1996; Mishra and 
Shukla, 1986; Raghav and Khan, 2002; Singh et al., 1994; Tripathy and 
Tripathy, 1998). However, higher levels (40 and 50 %) were found slightly 
harmful to plants growth and yield parameters of pepper. Similar results 
have also been observed on cucumber (Pasha et al., 1990), pea (Singh, 
1993), tomato (Khan and Khan, 1996), chickpea and lentil (Singh, 1989). 
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The interactive effect of both the factors which proved beneficial for plant 
growth was apparently due to toxic effect of fly ash on juveniles in pepper 
roots at different stages in their life cycle. 
Although pepper is a good host for M incognita but it could not survive 
under the stress of fly ash. The delay in development and not reaching to 
mature stage are very important for the agriculture point of view, because 
there will be no loss to the crops. Thus fly ash is useful as, at one hand it 
controls the root-knot disease, and on other hand it improves the growth 
and yield of plants. 
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SUMMARY 
Root-knot nematodes are a big problem for vegetable crops in Western 
Uttar Pradesh. Pepper is considered as good host of M incognita. In the 
present study, the impact of fly ash was assessed on hatching, mortality, 
penetration and post penetration development of M incognita Race 1 on 
pepper and their subsequent effects on plant growth performance. All the 
levels of fly ash-extract significantly reduced the hatching and increased 
the mortality of juveniles. Inhibition in hatching and increasement in 
killing were directly proportional to levels of extract. Root penetration was 
inversely proportional to fly ash ratios. All the fly ash levels delayed and 
suppressed the development of juveniles in pepper roots. At last, none of 
the juveniles developed to female stage except at 5 % level. Amendment of 
fly ash was Ibund bcnellcial lor the plant growth, yield and photosynthetic 
pigments of pepper. Highest increasement was observed at 20 % level. 
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